Choice of sampling method and survey period can have an important impact on the perception of the structure and dynamics of an ecological community. For the Celtic Sea fish assemblage we compared data obtained by three different trawl surveys: an autumn groundfish survey with a GOV trawl, and a spring and an autumn groundfish survey, both carried out with a Portuguese high-headline trawl. Time-series of abundance estimates were not consistent among surveys for all species and were generally very noisy. An analysis of variance components showed that the sampling method contributed more to the variance in abundance estimates compared to survey period, interannual variability, or even sampling variance. Overall community assessments based on indicators such as proportions of non-commercial and piscivorous species, and the proportion of benthic species showed similar trends for all data series. The shape of the size spectrum based on abundances per length class summed over all fish species, although stable over time, was highly sensitive to the sampling method. With the exception of size spectra, community indicators for marine fish assemblages monitored by surveys seem to be robust to survey period and trawling gear, but species abundance trends are method dependent.
Introduction
Ecosystems and communities are no longer viewed as integrated selfregulating systems; rather they are recognised to be open and naturally changing systems that are subject to driving factors from outside (O'Neill, 2001) . In this context, monitoring of an exploited community has become a challenge, because an appropriate sampling scheme for an entity whose spatial and taxonomic limits are not clearly defined is difficult to design and might have to vary on a seasonal basis. Problems with taxonomic resolution are common in community studies, resulting in misleading pictures of trophic structure and dynamics (Warwick and Clarke, 1996; Goldwasser and Roughgarden, 1997; Yodzis and Winnemiller, 1999) . Moreover, values of many community attributes such as species diversity indices and estimates of species abundance change with increasing sampling effort (Soetaert and Heip, 1990; Cao et al., 2002; Hövemeyer and Stippich, 2000) .
Both climate change and exploitation put stress on marine fish communities.
Responsible fisheries management relies on accurate information concerning trends in both commercially exploited species and the community as a whole. Previous studies have demonstrated that the type of fishing gear used in research vessel surveys greatly influences the species composition obtained (Polovino et al., 1982) . Even with a single standardized bottom-trawl, variations in catchability among vessels can lead to different indices of abundance for a given species and as a consequence, of relative community composition (Pelletier, 1998) . Although gear type strongly influences the relative species composition of the catch (Kulbicki and Wantiez 1990; Merrett et al., 1991) , integrated community attributes such as species diversity and evenness seem to be less affected (Wantiez, 1996) .
Marine fish communities are modified gradually and major changes might only be detectable over long periods. Long time-series inherently suffer from changes in survey methodology. Thus, decadal trends in diversity and community structure as found, for example, for the North Sea groundfish assemblage (Greenstreet et al., 1999) might partly be artefacts caused by vessel changes. Similarly, the significant long-term changes detected in the composition of Celtic Sea fish community (Pinnegar et al., 2002) might unbeknowingly have been influenced by differences in crews and gear operation.
Usually sampling methods are standardized when several countries survey the same resources. However, the Celtic Sea groundfish assemblage has been surveyed with different gears by France in autumn and by the UK in spring and autumn. Although the time series are relatively short, this rather unique situation offers the rare opportunity to study gear and season effects. We attempt to estimate the sampling bias associated with different survey designs by comparing the emergent pictures of the groundfish assemblage. We address two main questions: i) How large are the differences in abundance estimates between French and English surveys and between English spring and autumn surveys, compared to other sources of variability?; ii) How do these differences affect measured community attributes?
Material and methods

• Surveys
The Celtic Sea is a continental shelf area bordered by Ireland in the North, the UK in the east and the Bay of Biscay (at 47° N) in the south, and supports many valuable fisheries. We consider only the part (124505 km 2 ) sampled regularly by all surveys (Figure 1 ). The study has been restricted to fish species, because invertebrate taxa were not identified uniformly during all surveys. Species belonging to the Ammodytidae, Argentinidae, Berycidae, Callionymidae, Gobiidae, Macrouridae, Myctophidae and Syngnatidae were combined, as individual species had not always been differentiated. Table 1 provides general survey information and gear specifications for the two countries. The original objective of the UK surveys, which commenced in 1981, was to investigate the distribution and biology of the western mackerel Scomber scombrus stock. The spring (s) survey targeted spawning adults, while the autumn (a) survey primarily targeted pre-recruits (Warnes and Jones, 1995) . Prior to the early 1980s, the fishery for mackerel had greatly expanded and concerns had been voiced about potential overexploitation of this stock (Lockwood and Shepherd, 1984) . Subsequently (after 1982), with increasing need for fishery-independent data on the state of demersal stocks, the objectives were widened to include the biology, distribution and abundance of all species that could be sampled representatively by bottom trawls. Only data collected from 1982 onwards are included here. A modified Portuguese high-headline trawl (PHHT) was chosen as the standard gear because it is relatively robust and well suited to fish the uneven and rough bottom substrata present in the area. All survey stations are fixed among years, but the number of stations visited annually varies. : 1982, 1984-2000 a: 1990-1991, 1997-2000 a: 1982-1988 Towing speed (km h The French survey was initiated in 1987 to monitor changes in commercially important demersal species, in particular whiting, in the Bay of Biscay. The autumn (a) period was chosen to obtain abundance estimates of 0-group recruits. Since 1990, the survey area has been extended to include the Celtic Sea and the objectives were widened to cover all fish and shellfish species. However, small benthic species are not well captured by the survey gear chosen (Chalut à Grande Overture Verticale 36/47 -GOV).
In 1990 and 1991, samples were taken on a systematic grid covering the southern and central Celtic Sea. Data for 1992-1996 were excluded because the area was not fully surveyed. In 1997, Thalassa was replaced by Thalassa II. Moreover, the survey area was extended farther north and a stratified design was implemented taking into account depth contours and geographic region, within which trawl stations were randomly selected. Analyses were restricted to the area of overlap between UK and French surveys.
The main technical differences between UK and French surveys are trawl type (PHHT vs. 36/47 GOV) and haul duration (60 vs. 30 min), which lead to different areas swept per haul (0.11 km 2 vs. 0.068 km 2 ). In addition, the UK gear employs bobbins and a tickler chain to disturb benthic species from the bottom.
• Abundance estimates
All analyses were based on abundance and biomass estimates calculated for the whole study area. Total abundance by species was estimated according to the swept-area method, whereby mean numbers per unit area over all hauls were multiplied by the total surface area. Swept area was defined as net wingspread (horizontal opening of the net) multiplied by distance covered. For the French survey, abundance was first estimated per stratum and then summed. No correction was made for differences in catchability among species. Biomass estimates were calculated in a similar manner based on measured weight. When comparing different surveys, autumn estimates for one calendar year (t) were always compared with spring estimates for the following calendar year (t+1). This procedure was adopted because most species recruit to the gear during autumn and therefore, the spring and autumn surveys in the same year sample different arrays of year classes.
The differences in abundances estimates between French and English surveys and between English spring and autumn surveys were investigated on a global level (across species) and on a species level using several methods. On a global level, variance components were calculated to compare variations caused by survey period (UK spring vs. UK autumn), sampling method (UK vs. French; i.e. gear and period) and interannual variations in abundance estimates caused by sampling (inter-haul) variability. Abundance estimates were first ln-transformed to approximate normality . For investigating survey-period effects, a nested model was used (including only matching years): ). Only 23 species with non-zero abundance estimates for all years were included in the analysis, using a robust estimation method (minimum-norm quadratic estimator and shrinking of extreme valueswinsorizing); Venables and Ripley, 1994) . The selected 23 species, on average, represented 98% of assemblage abundance and 93% of its biomass.
Principal component analysis (PCA) was used to identify the species most important for characterising the global differences in abundances estimates. Standardized abundance estimates with species as variables and annual survey estimates as individual data-points (year-survey couple) were used. All three survey series were included and again only those species present in all surveys and years.
The overall effect of survey period was tested by means of a two-way analysis of variance (ANOVA) using the UK-s and UK-a ln-transformed abundance estimates for 1982 and 1984-88 (no spring survey for 1983), with species, period and the species-period interaction as factors.
On a species level, the effect of survey period was investigated by means of a Wilcoxon paired rank test on the ln-transformed abundance estimates of the UK-s and UK-a series. The null hypothesis corresponding to no seasonal difference is that the median of the differences between autumn and subsequent spring abundance estimates (ln-transformed) is zero. Sampling method effects (owing to gear and period) were examined in the same way but using data from the UK-s survey and the French-a survey.
The similarity of temporal trends for the different survey time series were investigated by examining the correlation between abundance and year using Spearman's correlation coefficient φ (rank test). A comparison of test results indicated whether the two surveys suggested similar abundance trends for a particular species.
• Community attributes
The following community indicators were calculated for all three survey series: average weight of fish caught (irrespective of species), proportion of benthic species, proportion of piscivores (for classification see appendix 1), proportion of non-commercial species, species diversity, and slope and intercept of the size spectrum . For species diversity, the probability that two individuals chosen at random from the community belong to different species (independent of taxonomic relatedness ( ; range 0-1; Hurlbert, 1971 ) was chosen, because it is insensitive to variations in species richness caused by differences in sample size. Confidence intervals for community indicators were based on 500 parametric bootstrap samples (log-normal distributions for abundance estimates) 1 Δ Size-spectra were based on number of individuals per 5cm size intervals, irrespective of species. As we are interested in the part of the spectrum that can be approximated by a linear slope, only length classes above a threshold length of 15 cm were included in the analysis. A linear model was fitted to ln-transformed abundances versus ln-transformed length
, where α i accounts for the year effect on intercepts and β j and γ j for the effects of survey type (UK-s vs. UK-a or French-a vs.
UK-s) on intercepts and slopes, respectively]. The appropriate model was selected based on an analysis of deviance. All models were fitted by a Generalised Linear Model procedure with a log link and Gamma error distribution (McCullagh and Nelder, 1989) . Ln(length) values were centred before analysis to avoid correlations between estimated slopes and intercepts. All statistical analyses were carried out with Splus for Unix (version 6).
Results
• Global differences in abundance estimates
The variance component for survey period (Table 2 ). In contrast, in a separate analysis the sampling method variance The PCA analysis showed that the species contributing most to the difference between the survey time series were T. trachurus and S. scombrus (positive loadings), while H. platessoides and S. caniculus contributed most with negative loadings (Table 3 ). E. gurnadus exhibited the least difference of all 23 species examined. When linking the data points on the first two principal component axes to the average score by survey period (spring or autumn, Figure 2 left panel) and sampling method (UK or French, Figure 2 right panel), sampling method appeared to provide more distinct groups and hence explained better the differences in abundance estimates. A significant period effect (F = 5.08, p = 0.025) as well as a significant species-period interaction (F = 5.15, p < 0.0001) was detected in the ANOVA of the ln-transformed abundance estimates. The period effect was constant between years (no period-year interaction; F = 1.87, p = 0.10).
• Differences in abundance estimates by species Overall, 98, 69 and 89 fish species were recorded in the UK-s, UK-a, and French-a survey, respectively, but many of these were rare and appeared only intermittently in any given time-series. The ten most abundant species in terms of numbers and biomass in the French-a and UK-s series (averaged over 1997-2000; Table 4 ) showed a large degree of overlap, although their ranking was not the same. Figure 3a . For M. merluccius, T. trachurus and S. scombrus, autumn estimates were consistently lower than spring estimates in the following calendar year. The only negative relationship between autumn and spring estimates was found for T. esmarkii. For the remaining five abundant species no consistent relationship was discernible.
When comparing French-a to UK-s series, broadly similar relationships were observed (Figure 3b ). Pairwise comparisons revealed significant differences for ten out of the 40 species tested (Wilcoxon paired rank test; p<0.05). Among those ten, a significant season effect was found (using only UK data) for only two (S. scombrus and T. esmarkii). Thus, for eight species the difference appears to be due to survey design rather than season. 
Trisopterus minutus
French-autumn ln-abundance (t) UK-spring ln-abundance (t+1) A B In the few cases where a significant time trend was observed, these trends differed markedly between surveys (Table 5 ). The abundance of C. aper increased significantly in the French series. An increasing trend also existed in the UK-spring series over the whole study period but not during the period of overlap with the French series (i.e. 1990-2000) . T. minutus decreased significantly in French-a and UK-s surveys during the most recent years, but not over the whole 11-year period. No significant trends in species abundance were detected for UK-s (1982 UK-s ( -1989 and UK-a (1982 UK-a ( -1988 . 
• Community effects
Figure 4 provides time series of the five community metrics derived from the three surveys. Mean weights of the fish caught were consistently smaller for both autumn data series compared to the UK-s series), but confidence limits were large and annual differences were not significant. The proportion of benthic species showed good overall agreement between surveys. A particular large value was observed for UK-s in 1995, owing to very low catches of S. scombrus and T. trachurus (Pinnegar et al., 2002) . The proportion of benthic species increased markedly after the early 1990s, coinciding with reduced catches of horse mackerel and increased catches of C. aper (here considered a demersal-benthivore). The proportion represented by piscivores decreased over the whole period while the proportion of noncommercial species increased. French-a and UK-a estimates of the proportion of piscivores were generally lower than the UK-s estimates for the same years. Species diversity was broadly similar across all series but exhibited large variances. No year effect was found for intercepts and slopes for the size spectra of all three survey series. However, the effect of season on the average slopes and intercepts was significant (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) ; UK-a: slope=-3.07, sd=0.09; UK-s: slope=-3.55, sd=0.09), but the gear effect was much larger as the estimated slopes were far more different (1990-2000; Frencha: slope=-5.27, sd=0.10; UK-s: slope=-3.20, sd=0.12; Figure 5 ). Very large fish (140-200 cm) were only caught in the French survey.
All community indices were tested for time trends (Table 6 ). Both the proportion of benthic species and the proportion of non-commercial species have increased significantly over the 20-year period of the UK-s survey. By contrast, the proportion of piscivores has decreased significantly. Figure  4 suggests that a marked shift in the fish community, rather than a gradual change, has occurred in the early nineties just prior to the beginning of the French time series. 
Discussion
The global analysis showed that the variance component of ln-abundance estimates for the central Celtic Sea related to survey period was of similar size to the sampling variance and smaller than the interannual variability. Hence, survey period was not an important factor for the global abundance estimates from the UK surveys. In contrast, the variance component related to sampling method (gear and season) was much larger than both interannual variability and sampling variance. Taking these two results together, the global differences between UK-s and French-a surveys are more likely due to differences in survey methodology, independent of survey period. This conclusion is supported by the result that sampling method provided a better grouping of the first two principal components compared to survey period. Nevertheless, survey period was an important factor for certain species, notably hake, mackerel and horse-mackerel. The analysis of survey differences by species showed that autumn and spring abundance estimates were sometimes negatively correlated. This might be due to the choice of the, somewhat arbitrary, study area. For certain demersal species, the area corresponds to recognized unit-stock areas used for management purposes, whereas for others it clearly did not. For instance, many pelagic species (e.g., blue-whiting, mackerel and horsemackerel) spawn in restricted areas but migrate over much larger areas of the north-east Atlantic. For many non-commercial species, no information on stock distribution and delimitation is currently available.
The French GOV trawl caught fish that were much larger than ever observed in the UK-PHHT trawl during autumn or spring surveys. Species that grow to a large size such as Conger conger and Squalus acanthias are commonly found in deeper waters. The difference must somehow be related to the relationship between catchability in the survey gear and fish length. The two gears appear to perform somewhat differently in deeper waters. Data for the French GOV trawl indicate that headline height decreases, and wing spread increases, with depth (Mahé, 2001 ). This phenomenon is known for many trawl gears (Bertrand et al., 2002) , but does not seem to apply to the UK-PHHT, because no significant correlation could be demonstrated between headline height and water depth (r 2 =0.006). There are many technical differences between the PHHT and the GOV that may result in marked differences in fish behaviour, and therefore influence catchability of particular species and/or sizes (Engås, 1994; Godø, 1994) . The way in which swept area is calculated may greatly influence abundance estimates , as well as tow duration (Godø et al., 1990) , time of day (Walsh, 1991) or the configuration of chains and bobbins on the groundrope . Lack of wings and a shorter head-line on the PHHT may have led to a reduced 'herding' effect. However, it is difficult to determine the importance of any particular factor without carrying out a full factorial trial, which is not really an option given the effort and resources this would require. Despite differences in abundance estimates by species, time trends in community indicators were mostly absent in all time series (Table 6) . Having said this, estimates of different attributes were by no means identical. Significant time trends were only detected when using the full UK-s series (20 years). Thus, the absence of significant trends might be due simply to the shortness of the series. Alternatively, these results might be interpreted as a lack of sensitivity of the community indicators investigated, which is supported by the large variance of their estimates, reflecting the uncertainty in the underlying abundance estimates. Nevertheless, a significant increase in recent years in the proportion of non-commercial species in the Celtic Sea fish assemblage emerges in both the French and the UK-s series. This positive trend was driven by an increase in the boarfish (Capros aper), which has also been observed further south along the Galician coast (Fariña et al., 1997) .
Changes in the slope and intercept of the size spectra have been suggested to follow changes in the prevailing exploitation regime (Pope et al., 1987; Murawski and Idoine, 1992; Bianchi et al., 2000) . In the North Sea, steeper gradients and higher intercepts were observed in recent years and these patterns were largely attributed to the selective removal of large individuals and a possible relaxation of predation on small fish (Rice and Gislason, 1996) . In the Celtic Sea, the size spectra derived from UK-s and French-a surveys differed markedly, although both were stable over the study period. The spectrum from the French survey (all years combined) had a steeper slope compared to the UK survey. Thus, the French data series might suggest a more impacted fish assemblage compared to the UK series if the absolute values of the slope were meaningful. Although the status of the Celtic Sea cannot be determined on an absolute scale, the system has undergone drastic changes in recent years. For instance, total landings have increased by a factor six during the last fifty years while trophic level of landings has decreased (Pinnegar et al., 2002) .
In recent years, fisheries science and management progressively have been moving away from a single-species focus towards an ecosystems approach (Anonymous, 2000; ICES, 2000) . This new approach to management focuses on the development of indicators for the state and functioning of the exploited communities (Caddy and Mahon, 1995; FAO, 1999; Anonymous, 2000) . Hence, the issue of indicator-based diagnostics being unbiased by sampling design has important practical implications within the context of fisheries management and natural resource management in general. Based on our results, we conclude that the use of single species abundance indices requires careful consideration of the sampling gear, season and the survey area. Because of the effect of sampling gear, we recommend that in case of changes to survey design (e.g., vessel, gear, season) data be treated as a new abundance series, or that appropriate inter-calibration studies be carried out (Pelletier, 1998) .
Our results provide evidence that some community indicators are robust to sampling method. The most sensitive indicators to community changes, and incidentally the easiest to interpret, were the proportion of benthic species, the proportion of non-commercial species and the proportion of piscivores. Mean individual weight was strongly dependent on season and insensitive to apparent increases in Capros aper. By definition, the species diversity index cannot reveal replacement effects and hence seems not well suited for general use in a management context. Similarly, owing to the effect of sampling method on size spectra, only consistent time series can be interpreted.
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Appendix 1
Classification of fish species into trophic guilds (PEPA = pelagic planktivore; PEPI= pelagic piscivore; DEBE= demersal benthivore; DEPI= demersal piscivore; source: Whitehead et al., 1986; Greenstreet, 1996 
